Pedicle screw instrumentation of the upper cervical spine is rarely performed in trauma surgery because of the risk of damaging neurovascular structures. We report successful treatment of an unstable hangman's fracture with posterior pedicle screw fixation using Iso-C 3D fluoroscopy-based computer navigation guidance. Postoperative computed tomographic images confirmed accurate placement of the pedicle screws. The navigation system is useful, especially in an unstable upper cervical spine injury where the likelihood of change in the inter-segmental relationship is maximal before and after positioning for surgery. The navigation system has the advantage of data acquisition after patient positioning, thus making safe pedicle fixation of the C1 and C2 vertebrae possible despite fractured posterior elements.
INTRODUCTION
Pedicle screw fixation of the upper cervical spine is technically difficult and hence infrequently performed. The peculiar anatomy of this region is highly variable between patients and the presence of surrounding neurovascular structures make this procedure more challenging. [1] [2] [3] [4] There have been reports of this form of fixation being performed with greater safety with the use of preoperative computed tomography (CT)-based computer navigation systems. [5] [6] [7] [8] The role of CT-based navigation in the management of an unstable fracture is controversial because the regional intervertebral anatomy alters between the supine position in which the CT scan is performed and the prone position in which the surgery is done. 9 In addition, fractured posterior elements make accurate registration difficult and even minor inaccuracies in this region may be unacceptable due to the risk of injuring vital structures.
Intra-operative Iso-C 3D navigation overcomes the disadvantages of CT navigation. It acquires intraoperative 3-dimensional (3D) fluoroscopic images after patient positioning and surgical exposure of the fracture, thus avoiding registration-related errors. It is constructed in a C-arm footprint that obviates the need to reposition the patient to obtain images. Scan acquisition is achieved in about 5 minutes.
Siremobil Iso-C 3D (Siemens, Germany) consists of a modified C-arm system with a 15-or 23-cm image intensifier and additional equipment with an orbital drive. Its centre of rotation is at the centre of the arc of motion, allowing the region of interest to be centred in all positions of the C-arm. The hardware consists of a regular C-arm computer for image processing and guiding control. The orbital motor is attached to the upper side of the hub column housing and transports the C-arm. During 3D image acquisition, the motorised C-arm moves continuously around a 190º arc. During its rotation, 50 to 100 fluoro projection images are acquired at equidistant angles depending on whether a low or high resolution is required. A 3D image dataset (resolution <0.5 mm 3 ) is then reconstructed using the rotation geometry. It takes 120 seconds to measure and reconstruct the 3D data sets from 100 projections. The 3D images are displayed using slice-image techniques (multiplanar reconstruction). We report successful pedicle screw fixation of C1 and C2 and the lateral masses of C3 and C4 in a patient with an unstable hangman's fracture using intra-operative Iso-C 3D navigation.
CASE REPORT
In October 2004, a 55-year-old man sustained a hyperextension injury to the neck in a road traffic accident resulting in traumatic spondylolisthesis of C2 over C3 with almost 50% anterior translation ( Fig. 1a ). He presented with severe pain, spasm of the paraspinal muscles, restricted movement but was neurologically normal. A CT scan revealed fractures of the anterior and posterior arches of the atlas on the left side, and fractures of the bilateral pedicles, bilateral laminae and the costal bars of the left foramen transversorium of the axis (Figs. 1b and 1c). Although anterior reduction and interbody fusion of C2 and C3 along with posterior wiring was an option, this is technically difficult in the upper cervical spine. Pedicle screw instrumentation through a single-stage posterior approach offered better biomechanical stability in this 3-column spinal injury.
The patient was operated on in a prone position under general anaesthesia on a radiolucent operation table with his head attached firmly to the head ring of the table. Reduction of the fracture dislocation upon positioning was confirmed using intra-operative sagittal reconstruction images. The normal posterior vertebral line was restored (Figs 2a and 2b ). The cervical spine was exposed from C1 to C5 using a classical posterior approach. A minimally invasive reference array (MIRA) was attached to the base of C5 spinous process and imaging data were collected by the navigation system. The acquired images were transferred to the computer navigation platform VectorVision (BrainLAB, Germany). Accurate axial and sagittal images of C1 to C4 were obtained. Accuracy of the images was checked using a tool navigator. The time taken to set up and screen was 24 minutes. Fixation using lateral mass screws at C3-C4 and pedicle screws at C1 and C2 was planned (Figs 2c and 2d).
A tool navigator was used along with the 3D real-time images to determine the entry point, trajectory, length, depth, thickness, and direction of the pedicle and lateral mass screws. The entry point was prepared using a 2.5-mm high-speed diamond burr calibrating to the navigation system so that real-time images could be obtained during drilling. Drilling was performed in stages, taking care to verify and double check the accuracy of the trajectory at multiple depths. Navigation of the left and right C1 pedicles, the left C2 pedicle, and all the lateral masses at C3 and C4 was accurate. The right C2 pedicle was comminuted and hence no attempt was made to fix it. The tool navigator was used to plan the placement, length, and size of the screws. Each screw was calibrated and verified with the navigator and threaded along the pre-tapped path guided by autopilot images. The real-time funnel-shaped spinal autopilot view was useful for placement and verification of the screw throughout the insertion process. The screws were fixed into two 5-holed Ganz plates contoured to maintain physiological cervical lordosis. The extension of the fixation into C0 was deferred in view of stable fracture fixation by the C1 to C4 construct. The total duration of surgery was 115 minutes and blood loss was 480 ml. Accuracy of screw placement was again verified by coronal and sagittal images using Iso-C 3D navigation system at the end of the procedure. Postoperative radiographs and CT scans of the cervical spine confirmed that all screws had been placed as planned with no breach of the cortex on either the side of the spinal canal or the vertebral artery canal (Figs 3) . Postoperatively the patient was mobilised using a body-moulded cervicothoracic alkathene brace. The patient returned to work 5 months later and was asymptomatic at the 2-year follow-up.
DISCUSSION
'Hangman's fracture' describes fractures of C1 and C2 (atlas and axis) because of its similarity to those fractures sustained during execution by hanging. 9, 10 Fracture configurations are classified based on radiology 11 and the mechanism of trauma. 12 Current guidelines recommend surgery for type-IIA fractures because of the presence of severe circumferential discoligamentous instability. 13 The traditional approach for unstable hangman's fractures has been anterior fusion, or more often, a combination of anterior and posterior surgery. A high anterior approach risks injury to vital structures especially the facial and hypoglossal nerves, branches of the external carotid artery, contents of the carotid sheath, and the superior laryngeal nerve, and is associated with problems of bone graft displacement. 14 Anterior interbody fusion of C2 to C3 alone is inefficient for 3 column discoligamentous injuries like the hangman's fracture. 15 Combined anterior and posterior surgery is technically more demanding and requires a change of position intra-operatively.
Pedicle screw fixation is a biomechanically stronger repair and requires only a posterior approach. 14, 15 It offers superior stabilisation with multilevel fixation under axial rotation and extension and provides greater support to axial loads. [16] [17] [18] However, it is technically demanding and rarely performed. There are numerous variations in pedicle and vascular relationships in the upper cervical spine, even in normal individuals. 19 In a traumatic situation with fractured posterior elements, the anatomy is grossly distorted, making screw insertion risky. Even minor pedicle breaches in this region may result in major complications such as vascular injuries, neurological injuries, and dural tears. [1] [2] [3] [4] Although some surgeons have reported success with pedicle screw insertion at C2 by visualising the medial and superior borders of the pedicle, 20 their results are difficult to reproduce, more so when the posterior elements are fractured. Others prefer to use 2 image intensifiers to acquire simultaneous anteroposterior and lateral radiographs. However, draping of the C-arms and maintaining sterility throughout surgery are great concerns. Conventional image intensifiers provide very poor image quality of the anatomical landmarks of the upper cervical spine, hence computer navigation is used to improve the accuracy and safety of pedicle screw instrumentation in these difficult situations.
There are 2 types of computer navigation systems: CT-based and Iso-C 3D -based systems. 21, 22 The cervical spine is very mobile and has a tendency to change intervertebral relationships from the supine (in which the CT scan is taken) to the prone position (in which the surgery is performed). 23 In unstable situations where there is fracture dislocation, the accuracy of CT-based navigation is questionable. It also requires step-by-step registration of parts of the vertebra such as the spinous process, transverse process, and lamina. This is cumbersome, time consuming and prone to errors. 21, 22 These drawbacks can be avoided if data collection and referencing is performed after patient positioning and surgical exposure.
The Iso-C 3D navigation system acquires data after patient positioning, fracture reduction, and surgical exposure and transfers images to the navigator without registration. 24, 25 This helps reduce the risk of damaging the neurovascular structures. It has disposable drapes and is out of the operating field after preliminary screening. The infrared rays emitted by the camera are reflected by the reflectors on the pointer tool and then detected by the navigation system to get a 2D orientation of the pointer tool tip with respect to the camera. When the MIRA is fixed firmly to the patient's body, the pointer tool tip gives a 3D orientation in relation to the navigator. 21, 22 The Iso-C 3D navigation system is not without limitations. As the MIRA is attached onto a different vertebra from the vertebra being instrumented, there may be a change in the intervertebral relationship between the fractured vertebrae (e.g. C1 and C2 in our patient) and the spinous process to which the MIRA has been attached (e.g. C5) during screw insertion. Thus, regular probing of the pedicle tract is recommended to avoid complications. There may be inaccuracy if it is used in obese patients who cannot be positioned at the centre of rotation of the C-arm.
The safety and accuracy of Iso-C 3D fluoroscopic navigation have been reported extensively in spinal trauma and cervical pedicle screw fixation. 24, 25 Nonetheless, it is essential that the surgeon has a complete understanding of the principles governing the tracking systems to prevent possible misinterpretation of computer-generated information. They should be used only as adjuncts for surgical guidance. This application is not a replacement for the surgeon's knowledge, expertise, or judgment.
